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Figure 2. - Helium-filled blimp in flight (official photograph, U. S. Navy). 
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INTRODUCTION 


As pesentay as 1915, helium was available only ‘in very small - quanti- 
ties at a cost equivalent to $2,500 per cubic foot. It was a laboratory 
curiosity, and its properties were of interest to a limited number of 
scientists (11) 3f , | | — 


During the: past 30 years, “however, helium has grown from a play- 
thing of scientists‘ to & factor of importance in the pvrosetution of the 
recent war. Navy blimps. filled with nonflammble helium proved to be more 
than a match for German” submarines operating in the Atlantic. American 
_ bombers were able to fly unheard-of distances to drop bombs on. Tokyo, | 
Nagoya, Yokahama, and other Japanese cities becausé they had been made — 
lighter with magnesium, arc-welded in a helium’ atmosphere. The Army — 
utilized hclium-filled radio-sondc balloons to obtain vital information 
concerning weather conditions affecting D-day invasions and other mili- 
tary mancuvers. 


| What can helium do after'the war? It is now available in large _ 
enough quantities to assure private enterprise a continuous supply. If 
equipment involving the use of helium is designed by a manufacturer, that 
manufacturer mist know that he can get helium. He is able to buy it now 
for approximately 1 cent per cubic foot as long.as he needs it. Before 
the war, manufacturers tended to shy away from helium, for they knew that 
the Government was the sole producer and their nceds would be met only 
after the Army and Navy received their requirements. This is still true, 
but the helfum-production. capacity of the Bureau of Mincs has been in- 
creased to such an extent that the requirements of Army, Navy, and private 
. enterprise can be met easily and simultaneously. As much as 10,000,000 
a feet per month is available for private enterprise alone. (see: fig. 
YT) 


Thus, a now tool is available to American industry - a tool that 
bears a “mado in America” brand, for only in the United States is helium 
produced, 
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valuable suggestions and muc H ccnatauctive criticism in the preparation 
of this paper. ee 7 


“EXE reorsze!/ 


The most notable thine about neta 4e: ite id: range of properties: 
The things helium will do, it will do well - better than most gases always 
and better than any other gas in some applications. The things that 
helium will not do well, it will at least do to a very limited extent, and 
some things it will not do at all.. 5 


WHAT HELIUM WILL DO 


Helium is monatomic: its molecule is the simplest of any element. 
The molecular weight of helium is 4,003; its density is 0.1785 grams per 
liter at 0° C, and 760 mm, mercury. pressure - 10.54 pounds per 1,000 cubic 
feet at 60°:‘F, This gives it a lifting -power in air of 65.82 pounds per 
1,000 cubic feet, second only to hydrogen and 92.64 percent as great. The 
average velocity of a helium molecule at O° €. has been calculated and 
found.to. be 1,208 centimeters per second, faster. than the molecule of any 
omnes as / except hydrogen. : 


Diffusion and Rate of Permeability 


As helium is the second-lightest gas, its rate of diffusion is greater 
than that of any other gas except hydrogen. Graham's law states that the 
relative rates of diffusion of gases under the same conditions of tempera- 
ture.and. pressure are inversely Olean to the square roots of their 
densities. “ | s 


The rate at which the Petia: escapes from lighter-than-air craft 
is of great concern to designers and operators of such craft. Experiments 
, have shown that the process by which gas penetrates balloon fabric is.not 
diffusion alone. Some gases are lost more rapidly than Graham's postulates. 
Carbon dioxide, for example, is mich heavier than hydrogen or helium, but 
it escapes from balloon fabric much faster. This phenomenon has been ex- 
plained by scientists who believe that the process is one of solution and 
evaporation. Gas is dissolved by rubber and is evaporated on the opposite 
surface, This explanation is fcasiblo because it has been shown that 
permeability of rubber to gases is proportional to the aaa pressure of 
the gas and the thickness of the rubber (3). 


At the same temperature, helium penetrates rubber vulcanized on balloon 
fabric 85 percent as fast as hydrogen, approximately threc times fastor than 
air, and one-fourth as fast as carbon dioxide. Tho rate at which a gas 
penetrates rubber is dcofined as the permcability of rubbcr to that par- 
ticular gag;:.: Usually the rates are exprossed relativo to hydrogen and re- 

forred ‘to as "rolative a al 
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“fablos aed. of p&por show propert es of holium and some other gases. 
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At high temperatures helium diffuses through cellophane, quartz, 
and porcelain but will not diffuse through platinum, palladium, or iron. 
Some theorists believe that helium creeps through minute cracks between 
«quartz crystals because it will not diffuse through a single crystal (12). 


Thermal Properties 


Helv -Gonduce heat bettas than. ‘any other gas except hydrogen. Its 
specific heat or heat capacity is approximately five and one fourth times 
that of air, when expressed on & weight basis; on a volumetric: basis, the 
specific heat of helium is slightly less than that of air, Unlike other 
gases at normal temperatures, helium, hydrogen, and neon become warm when 
allowed to expand into a region of low pressure without accomplishing 
external work. It is said, therefore, that these gases have 4 reverse 
Joule-Thomson effect at normal temperatures. At low temperatures these 
gases have a normal Joule-Thomson effect and can be liquefied by ex- 
pansion after being cooled below the inversion temperature. Estimates of 
this temperature range from 173° below 0° C. at atmospheric pressure (7), to 
233° below 0° C, at pressures up to 60 atmosphercs. 


Electrical Properties 


Helium conducts an electrical current better than any other gas 
except noon. Its minimum spark potential is 184 volts at 2.4 mm, morcury 
pressure. Under tho same conditions of potential and pressure, a spark 
can be obtained in helium approximately seven times as long as in air or 
hydrogen and five times as long as in argon. The rate of ionization of 
holium when bombarded with elcctrons is slowcr than for any other gas, © 
but the mobility of its ions is second only to hydrogen. 


Sound waves travcl faster in helium than in any other gas except 
hydrogon. 


WHAT HELIUM WILL NOT DO 


One of the most striking properties of helium is its completo inert- 
ness. It will not burn, explode, or combine with any other elemont; consce- 
quently, thero are no helium compounds. Helium is colorless, odorless, and 
tastcless; identification is Se COME renee i by spectroscopic 
meang. 


Solubility — 
Holium is not known to bo readily soluble in any liquid. It is less 


soluble in water than is any other gas, Nitrogen impurity increases solu- 
bility appreciably (10). — a 


Index of Refraction | 
A light wave is distorted less when it eriters a helium atmosphere 
than when it enters any other gaseous atmosphere. The index of refraction 


of helium relative to a vacuum is very nearly unity. 
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LIQUID HELIUM 


Horium ta the most difficult of all gases to liquefy. Its boiling 
point is 268.9° below 0° C,, only 4,.2° above absolute zero, the tempcra- 
ture at which, thooretically, all molccular motion should cease. Liquid 
helium is one of the most remarkable substanccs known. It exists in two 
distingt forms, known as hclium-I and heliwn-IT, The relationships among 
tho two forms of liquid hclium, solid hclium, and gascous helium arc shown 
in the accompanying diagram takon from Thorpes Dictionary of aoe Sei~ 
ence (12). ihe atagrem. 12 not drawn to seals | 


SOLID HELIUM 


a: 
PRESSURE fee 
HELIUM II. as 4 


E 
HELIUM’ VAPOR 


TEMPERATURE 


Liquid helium exists as helium-I at normal pressures and can be kept 
for short poriods of time in vacuum flasks. It is almost invisiblo but: — 
the surfaco can be detected by light reflected from it. Slow boiling 
produces a stoady stream of bubbles rising through the liquid. 


If the pressure is reduccd to a point in the curve DE, titansformation 
to hcolium-II occurs immediately. The only visiblo change T thé sudden: 
cessation of boiling. The point E is kmown as the lambda (> ‘) point, where 
helium-I, helium-II and helium vapor cxists in equilibrium, This occurs 
at a tomperature of 2,.186° absolute and a vapour pressure of 3.83 centi- 
moters of morcury. Thc line EB (the \ line) represents the variation of 
ther -point with change of pressures. The specific heat of liquid hclium 
is maximum at the A-point, but no latent heat is associated with the change 
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from helium-I to helium-II. The density, at various pressures also is a. 
maximum on the A-line. Viscosity falls rapidly below the A -point, and 
at 1.35° absolute’ temperature the viscosity of helium-II is only 1.2 
micropoises (water has a viscosity of about 10,000 micropoises at 20° C), 
The thermal conductivity of liquid helium shows & remarkable change at 
the A-point, changing from 6 X 10-5 gram-calories per square centimeter 
per second per degree centigrade at 3.3° absolute temperature (helium-I) 
to 190 (same units) at 1.49 - 1.75° absolute temperature (helium-II),. 
Helium-II is by far the best conductor of heat yet discovered. 


SOLID HELIUM 


- Helium hag been solidified under 26 atmospheres pressure. Its melting 
point is 272,2° below 0° C, at that pressure. Because it is unstable at _ 
pressures less than 25 atmospheres, only a few of its properties have been 
investigated. The density of Liquid helium is 0.23 gram per cubic centi- 
meter at 4° absolute ea aaa “the heat’ 6f fusion is 6. 5 pera ce 
per gram, - , oe a A 


“HOW THE PROPERTIES OF HELIUM AREUSED 


Lifting eae 


By far the greatest volume of helium is used-in Navy blimps (see Pig. 
2); It is used because it will lift 92.64 percent as mich load as hydro-_ 
gen and will not burn. Helium diffuses from a balloon more slowly than 
hydrogen, and helium that has become contaminated with air. can be. egeas: 
cheaply and safely, whereas. the. aaa of. ‘hydrogen Bien MAY 
hazardous and expensive POUT EMSs; = 

Mescleunents and iaproyenen 2 in Lighter- phesivaie craft as: a. result. 
of the war have prompted resumption of studies. and investigations with . 
respect to the safety, efficiency, and economy of giant helium-filled 
dirigibles. The widespread publicity given by newspapers to the German 
Zeppelin disasters forced a temporary halt in these studies. before the 
war. It is not generally recognized that the German dirigibles were filled 
with flamable hydrogen; postwar American dirigibles will be stronger, 
lighter, and filled with nonflammable helium, United States Navy blimps 
have engaged German submarines in surface battle;. machine bullets and 
cammon fire have penetrated their balloon fabric. Some of them were shot 
down, but they did not burn; others returned to their base with holes in 
them. These facts emphatically oaprers the Dene sree and paid of 
helium ag a eee go. | - ; 
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Gas-Shiclded Are Wolding 
A new:. and eae use for holdum is to provide an. ‘nant and at the 
same time excellent thermal and electrical conducting atmosphere for arc- 
welding light metals, | _ Experiments have proved that helium is the best 
gos for this purpose. Fhe gec-shicldcd arc-wolding method Was | developed . 
originally to be used in welding mgnosium motal, which ignites in the . 
presence of oxygen at welding tempcratures. Tho method has beon expanded 
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to facilitate the welding of aluminum ond stainless stoel, normlly with- 
out the.use of flux. If a light-metal ora occurs in the future, as. many 
prominent industrialists predict, gas-shicldcd arc wolding. bane hed to BC 
the groeatcst post-war use for holium (sce figs. 3 and ae 


Inert Atmosphere « 


“Helium, may: be used to facilitate: Serre sncesased: “ ‘providing 
an atmosphere that will permit no oxidation or similar chemical action at 
any temperature. It is the only totally inert gas produced in large enough 
volume to be sold at a price low enough to permit its use in this manner. 

_ Its possibilities as a 1 Pire-fighting gas have: not. been area a to a 
| Great, extent. 


. Sad c e 


Optical Instruments 


When multible optical lenses are arranged in ‘series, helium may be 
used to fill the space between them, Light rays passing from a lens into 
helium gas are refracted less than in any other gas. The refraction of 
light by helium compares favorably with that of a vacuum which is diffi- 
cult to maintain. 


Breathing Atmospheres 


Where it is necessary for divers, caisson workers, or other persons 
to work under pressure, helium sometimes is used as a diluent with oxygen 
to provide a breathing atmosphere. If air is used, nitrogen is dissolved 
in the tissues of the body under pressure. When pressure is relieved, 
the nitrogen forms bubbles resulting in the painful illness commonly eal ied 
"the bends.” As helium is relatively insoluble, this illness does not occur 
when it is used (see fig. 5). 


Helium also is used in artificial breathing atmospheres whenever breath- 
ing by a patient is laborious. The lightness and rapid diffusion rate of 
helium reduce the effort required to breathe, 


Helium is used as a diluent in some types of anacsthctics to reduce 
the hazards of inflammability and explosion (sce fig. 6). 


Tracer Gas 


Helium is seldom found in appreciable amounts in oil and gas reservoirs, 
Recent dovelopments in repressuring and recycling petrolcum reservoirs have 
cmphasized the desirability of knowing the manner in which injccted gas 
spreads out in the reservoir formation. Because of its extremely low solu- 
bility, its high rate of diffusion, and the ease with which it.can be de- 
tectcd, helium may be used as a tracer gas in investigating this problem. 
xporiments in the Elk Hills, California,field have proved conclusively . 
that the migration of natural gas in underground reservoirs can be detcctcd 
and mcasured when helium is uscd as a tracer. 
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Figure 4. - Automatic Heliarc (helium-shielded arc) welder (Northrop 
Aircraft photograph). 


Google 


Figure 5. - Decompression chamber used by Bureau of Mines and U. S. Navy tn employing 
he lium-oxygen mixtures for deep-sea diving and caisson work. 
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Figure 6. - Administration of anesthetic mixture in which helium is used to eliminate 
hazards of explosion. 


Digitized by ( >O0 gle THE OH ss UN VERSITY 


I.C. 7344 


Cre: ror Low Temperatures 
Ba yea at F om ? ee a ae soe ; Bete ere OO Ce ET Ps pare : ; eles wee 


Helium may be used to obtain temperatutes eo eescew ie absolute zero, 
Metals. have remarkable properties at these temperatures; some of thon, 
including mercury, lead, and tin, conduct an ‘eléctrical éurrent without: 
any apparent diminished intensity. The metal bécomes a t euperconauctor” 
of electricity. To date, these properties neve been principally of scien- 
tific'interest. 9° — . . a S ae ee SR eS eee ee Sk, 


Chemica’ Rew Material 


yo * es = 


A @igcussion of atomic energy ahd “setdtdananipa is ia the scope. 
of this paper, but the possibility of helium béing used as a raw material 
in the synthesis of radioactive elements should not pass unmentioned. mae 
has been known for some time that’ alpha partidlds emitted by radioactive’: 
substances are helium ions.’ In this ago of ayntkéais many normal poactions 
have been reversed by scicntists to obtain valuable products. It is im- 
possible to foresee the direction that sciencd wild take aftor the war,...- 
but pndoubtedly the oe will peer ag ite eee ae econo and 
investigation. ~ * : ee 
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TABLES aoa Peerasas oP RELIUM AND SoM OTHER GASES 


In the following et may. technical terms and por oveueacoe: arc 
used, 


ra wi 
Boe 
o'« -: 


soca 2OEme 


OP ye ee Tone, 


Absolute zero - Peancest at which all ‘molecular ation ceases theoretically. 
Absolute pressure - pressure mer eUE pe above that oe a perfect vacuull. 


Atmospheric pressure - pressure which iormal ty axtete at sea level; Uy. 7 
pounds per square inch; bas mm, mercury pressure. 

Bunsen coefficient - solubility coefficient equal to ene ‘volume of gas 
measured at 0° C, and 760 nm, mercury pressure. 
dissolved by 1 volume.of solvent at the given 
temperature when the een ee of mG ieee 
As 760 mm, 9: oo8 


Britten thermal unit wee te as) 2 heat cere to: re the temperature 

| of 1' pound of water 19 F, at atmospheric pressure, 

varies with temperdture, which must be stated. 

“Calorie-~" heat required to raise-the temperature of 1 gram of water 1° C.. 
at atitospheric pressure, Verse8 with temperature, 

which: mst be stated.- = 


Centigrade = , thermometric system in which the pcevice point: of water is 
aoe 0° and: the boiling Porat 100°: ‘at See pressure. 
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Centimeters of water, mercury, etc. - denotes pressure exerted by a verti- 
cal column of the substance. 


Conductivity, thermal - time rate of transfer of heat by conduction through 
a@& substances... 


Critical temperature - the temperature above which a@ gas cannot be ‘Lique-» 
a by ae al dare alone. | 
t: a t 
Critical pressure “- ne. pressure at which a ‘substance’ madly exist as a gas 
in equilibrium with the liquid at the critical 
temperature. 


oo 


Critical density, volume - density or’volume at critical conditions of 
pom peinren ae and ater a : 
a ee ai ee oS 
Density - mass per unit volume. Bo - wie : 
sboerg-: er | , 
Dyne- - unit ‘of force which, wher: “acting. ‘contimidily on 1 gram of a sub-| 
ge EGG EN stance. and. not opposed by’ ‘another force will impart 
to the: substance a uniform acceleration of 1 cn, 
per second.” in ae 


Erg - work sescnmiichea by a Pore of 1 sea oe through a distance of 
L cm. 


_/~ 


: i ae ep Yoyet 
’ roe a . ’ = : . : E 
ee wt ot ; . * a | >. ’ 2 
. . 


Fahrenheit - ee aceete system in which +320 indicates the freezing point 
_ of water and-212° the boiling point at atmospheric 
pressure. 


Heat capacity - heat required to,“incresse. the temperature of a substance 
by a Pele ach ae ee phere ac meats 


Joulc - 10! ergs (10,000, 000 ergs). .. 
Ostwald oxpression - solubility of a gas. venoneagad as the ratio of dis- 
tribution in a solution and in the vapor phase. 


Poise - unit of viscosity. If the (angered force, per unit area, which, 
one layer of'a fluid’ exerts upon an adjacent one, 
is 1 dyne when the space variation of the tangential 
velocity from layor to layer is unity, the viscosity 
of the fluid is 1 poise. | | 


Refraction, index of - the ratio of the sine of the angle of incidence from 

72 Oe. o a& vacuum upon a substante to. the sine of the angle of 
refraction, cach measur od from the normal to the 
surface. 


core of gas - ratio of concentration of gas in the solution to the 
concentration of gas above the solution.- See Bunsen 
coefficient, Ostwald expression, 
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Specific gravity - ratio. of density of a substance. to a reference sub- 
aS tangs, usually veter Tor Igntds and pole, and 
,4. ,@in for gases. 2... - et. vy tee, a ae 


a 2 = © ws 


_ Specific heat. - heat. required to raise ‘the’ temperature cp et eee of a 
: _ substance 1°, oa 


- @@ e@ #8 86 @@ & @ 


Viscosity - Eogteyenee to flow and change of form. 


Abs. - absaolute ,, —T gram 

atm, - atmospheric pressure  _ | ae liter | 

C. - Centigrade Lb. -.pound 

Gal, - calorie | . | a 7 1" tags = asquia 

cm, - centimeter | = _ ay 2 mets 

ene - square centimeter nmi. “. milliliter 

ee - cubic centimeter ) "nal lun aiimeter 

cu. ft. - cubic foot | | - Bo petrdetive index 

c - specific heat ~ | "sec, eens 

Cp, Cv - specific heat t | i NEE ne EI ic gravity 
constant pressure a + rene ‘eo, fb 
constant volume | Te - critical temperature 

D  aenatey’ | —— a Oe Se el qinee sie 

deg. - degree C unless otherwise stated. _ | eee aceon 

F, - Fahranheit | ; _, De - critical density -. 
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TABLE 1. - Some General properties of certain gases 
a es | i 9 8 ts 
Taken from International Critical Tables except where otherwise indicated. 


Propert Hydrogen, Helium | Nitrogen | Air. _-| Argon 
Molecular weight +/ secccecee ° 2,01 003 


; .20.02 ie approx.! 39.9 


Gas Density (g./l. at 0° C. 
and 1 atm, ) eeoeeovececcs : 089 


Density of saturated vapor 


.1785| 1. nt ae 2930 1.7824 
at the normal boiling ; 


| 
: | 
| 
“i 
point (g. /1.) eeeeoovece 1555 11.2¢/ 4,61 ie a caer 5 89 
Critical constants: : : 
Temperature (°C.) 4.64 |-239.9 -267.9 -147.1 - -122.4 
Pressure (atm) '.../ 12.8 :; 2,26 33.5 - | 48,0,: 
Density (g./m.) 031 | .069 : 311 531 
| - 
Specific heat (joules © | | 
/gram-atom at 15° Cc, | — | 
and 1 atm.) wessccceee’) 14.5 20.9 14.56 - 20.2 
| 
Viscosity = A x 10-6 poises: | 
At. 20° Cy Ave wisseseel “0867 | 197 J 28), 221 
At 23° C. As ecoeooovve = | = 176 = = 
Liquid density (g,/ml.) | 
At -270.8° Ce esevoneen =, ali co Ke = : 
At boiling point s.e.. ~0709 808 86 1.402 
Boiling point (°%.) iewewealeeneet | -268.9 -195.8 |-194.2 | 7185.7 


| 
Latent heat of vaporization | 
(kilojoule /gram-atom) 


2.80 


Solid density (g./ml.) ....! 1.026 


: 
; 


{ 
| 
| 
~450 » LO 
| 
| 


“272.2 :-209,8 


1/ Handbook of Chemistry and Physics. 
2/ Estimated. 
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sapere) 2. ie eouee sone 


- 
i a — oe as e 


Taken, from Handbook of Chemistry and puyeice 


sf te 
oe oe r a 2 RIE A - «: 


archers rit. || Average ‘“welLocity Mean. free. path— {Colli sion |Molecular 
he ok te om,/sec. (cm, at 750- ae frequency jo | diameter, 
Se a ee ; 09-62: | - $2900, ° [He and 200. ach 171 _20° Co om,2/ 
ALY coccccecee! PF = LOS. 403 > LOS RT 3 Vege “ 16. - 
“Axgon: Senden [2 381 a Phas i= 000 x 10 12,94 x 10-8 
~SHelium yersvece 11;$08--- J 1 1a50 tal cote: <4 4 540: : 2.65 
- Hydrogen oeave 4, 696... 11 1, 755 1. LF GR Seed 07 000; al 2 54 
x > Nitrogen ceeee he ATL : 9029 = “15 ,070.: } Ree en LD 
noxygen peresee HOS 440. ‘.1 °9,93 "th aq", gO 
2 * ° waite 
re ix -From van der Wall's equation, Ceitee: Fits 
ae a ay ear! a 
Brite TABLE 36 x Relative pormcelt tty of pubher, * 
A se alee F “f Ree oe ai? oF 
; ‘Paken from Bureau of Standards Scientific Paper sor 
Relative. permeability;| | | — jRelative permeability ; 
Gag drogen = 1 f° Gag Arey +. hydrogen = 1 
: Nitrogen eeee GO, 16 : ; Hy drogen coeeey! ; | 100 
, Pee eeecoree 26 eh Sine - - ~ AR mmonia eeeeoeee os 8,0 
> Oxyxen e ° eoee oht5- ne Methyl -chloridé- ee ee 18.5 4 5 
ee *Yotium: Seeses 265 ' WEthyl chioride | -° °° 200,0°--" 


. ‘ hs wo ' é : , . Me ee ws fee 
> wenplk yy 3.) ts 
i SS of he Fue ~ °° c . panes) : ° ° 

74 5S> Ser Sica Raeeeres 


| Pcie . TABLE. 4. - Solubility of helium. re some other - aces in water te 


. Taken from Handbook af Chemletry and Piysice - Sore age 
Helium value is calculated from Henry's Law Constant, K 


Alpha (<) = Bunsen coefficient of solubility.is the woluhe ‘Of gas onteea 
__..at 0° C, and 760 mm, Hg pressure dissolved by 1 volume of sol- 
“vent at the given i ee a when’ the ee pressure “or: the 


mn: ceayeee Fae : ° | £88 is 120 mm, Hg ‘ Ke . oie 


- ee ee ° ee i“ ‘ 
4 ! ’ ?* | 


- HOLLUM-yeypevevercvovseucvege | ' 
HPAL OT “6.4% ods wees eee sees -02L 8 
Atmospheric nitrogen secospe | 

Oxygen Coe perereoreeregegoee | 

Carbon dioxide ecoececevereee | 


838 ek 


Google a no 


T.C. 73 


TABLE 5, - Solubility. of helium in. wéter Wiede and Gad 


Partial 

pressure of | [fen centimeters beeaced to 0° C.. ‘ana 160 m, Hg) /gram Ho0 
“helium ating.) om C, bik eee a on mae OP Ges. ca 

25 éeeevseoce ; 0.D50D 0. 2156 “6.2 25 ee aaa 050 2. 

50 eet eeccooe 7 “4674 [ 4332 _ ohhh ee (alias + ¢4892 * 

100 sdesceves eho CU. BAQD |.) 6 B827-. ye + +9699... . 

200 ° Etbcveces 1.807 +} 1.688 1.734 eae *'.907 : 

YOO sdacesese ©" 3436 +) 3,27 3.358 . |+°-3.666 
OOO PVG baie encase Oe ss +..7.263.  .|. . 74536 Spec es 5 Reon 


TABLE 6, - Solubility of helium in some other liquids, Lannung 1930 * 
Taken from Solubilities..of..Inorgantc..and.Metal Organic Compounds 
X = Same as in table 4 


po he Ostwald expression, ‘ratio of distribution of gas in solution 
renee oooh -and.dn we -vepor phase. ssihack te dete 


Temperature Methyl alcohol 
Oc; 

5 eoccccces 
20 e060 6 ese ele 
“25 weak e eee 
30 eeeveoeeesn 


evseescsooe. 


TABLE 7. - Viscosity 


Taken from International Critical Tables 


Temperature,; Viscosity . a ac a Viscosity, 
Cie! micropoises — Gas micropoises 


Hydrogen eo0 24 88,2 doe ! = 186. 

dOs. ede 0 8h 2 do. | -70 156.4 
Oe sesee}| 257. Ti | eT do. » * “eli02.6 ' 139.2 
Nitrogen ...{/ 23. | .176,5 do. -191..6 87.1 
Oxygen sseee! 23 |, 203.9 it aos, | 257.4. | 2720 
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TABLE 8, - Index of Refraction, Gases 
Taken from handbook of, Chemistry and Physics | 


Values are relative. to. a vacuum. and for. a temperature of 9°. CG. and 760 mm, 


=H pressure mo 
Substance into Tight [indices or reraction Observer 
Air Coc cecsccrcccceveeeee Pe ae Perreau 
Argon COCO ECHL CCH OLE LO Ce seat “DL : ? ee. oe a Rayleigh 
Carbon dioxide: ee ne oa ee tants OF OCOLLB-- dha ae = 
Helium COCR OC CeCe EE CeDEE?D eats 1.0000 6’ Ramsey 
Hydrogen Cocccscccescance ro | Burton 


Nitrogen corecenseveccvere 

Oxy ZETL ecoccccceen secenee ’ : | 

1/ Index of refraction is defines as the ratio or the sine of the anaic of 
incidence froma vacuum upon’ a substance: tothe ‘sino of the angle of re- 
fraction, each measured from the normal to the surface. . 


-_ 
@ + tsetse ow 


i.—- angle of incidence 


4 

i] 

( 

4 

i] 

Vecuum 
(] 

4 


r - angle of refraction 


t 
= ee “GAS. pea re ae mine 
~ ae” fo Na% ~ 3G 
et 
- - ae 2 S +, = — _ 
TABLE 9. - Specific heat at ‘constant pressure L Segeteas > 
Taken from Gas Engineers Handbook except helium values, whtch‘were  -- 


| iad mance from data in even De 8 Dictionary of eae os ce 


ar a ee | 


Note: 4. B, t. U. /. Jor, = 1 Cal, fg. /° Cc. 


| Gas Pe Be TTR Bia oat PF 
Hydrogen Cecoeeececcesece 0. O10 
Helium eeeesenveeeneeoeene 18 2s 091453 
Nitrogen ecocesosenenee 60 OL 
BID w250es6e0esese eves 60 0184 
OXVE ON sew sss cower sees 60 0184 
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TABLE 10. - Thermel conductivity 
Takon from handbook of Chom stry and Physics 


~y 


eonductivity 1s svoreueed in calcrios transmitted per 
.gcecond through 1 cm. of substance across an aroa ce a 4. 
cm, when the tomporature differcnce. is 1° C ge 


Temporature of: gas, °C, | conductivity eee, Qbscrvoer 
Pin, OO Coececeveecscesvceee 0. 0000566 evafe es WinkLemann, 
Argon, 0° eeecseewoeecoseeve ch ane Crean aa 
Helium, 0° eeoevtsecoccovce «000339 .. fone DQe.. ot 
HyGrogon, OO cescsepecees, ,  »000327.. . Winklemann 
: Dow 1000 eecdeceese 4° 219000369.” AE A nate i 
ae ‘Nitrog cn 20° eoceecors —— jak , Winklomann . 


‘ 


TABLE ll. - Coofficient of ec pansion of ascs ae ce fahrenheit 


Taken rom Balloon and Airship Geses 


a 


ea (1 + « pt) 
t in OF. 


Gas 


Air eveoecevevcone a Dee 0.00 03007 {oO 0.002039 
DOs “evaovesee | 52° 2 e1e° 100.1 204133 100.1 200k 
DG's vecieciesee ne " 200.0 | 205016 257. 205167 
Argon eoveceeve a ee | Dey ay 203757 - - 
Helium eoeveoesn 56.7 203611 ae sens 
Hydrogen sees | 320 - ZBipo ' 100. © 4° + 203478 100 2034333 
Nitrogen esses | 32° - 212° | 100.2 | 204133 - - 
Oxygen eveneece mz! 159 204783 7 = 
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‘TABLE le. - Revs ZT. relations for holium gas 
Taken en TERE UE SERS Critical Tables 


_V_- Yo coefficient of Tone at Sonatant pressure, 


Vo Po botwoon 0° and.t, eC. 


On S B=Po cocfficiont of nena at constant volume vo 


838 


® mm, He 


e) eeeasceeaee 


- sha00600.0< 


LO seeces 
20 eeeeee 


50 eeeevener 


60 eeeevee 
70 eeeeees 


0 eeeeseee2ees 


1 eeeeseee 


10 eeeesoeee 
20 e*eeeseceanes? 


30 eeeeeee 
LO eeeeesn 
50 wcccce 
60 


eseceesesear| svn) «oan . 3643 
Secscenseese.| 150094" 55006 3606 


MGeteeheces a wSOND 
eoeeeveeeeeeenes | ° 3053 


6 BO. betwoen 0° and a 


ae. C. 400° C 
ecovvecevece Ne 40600 _ | 0.3660 
Sesessneeel, eDODO!) «One » 3658 A . 3058 63658 


3632 » 3633 
«3605 » 3605 
| £3578 

3551 


Haheate peseas.| o3504:| 3582 35TO | . .3978 
ssi babestee |. 25008 k eoono » 3552 23551 


iSgiheewag | Paee wopee 3526 552k | =. 3525 
seeccevesceo ~ 3506 «3503 © 5501 31.98 » 3499 
socccccesee | oD481| 63477 «3475 o3473 | 6 BATH 


POT EE OC ee. 8, » 3450 5447 » 3448 


peCeCES tree TOsnOOL 
CNG CS saRE 1 oe DOOL 
SGwisseOoael “esooe 
ieeeiexe 1 oOo 
(Ageveracea + S3OD6 


{ 
| 


» 3052 


vee ae 
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TABLE 1356 Wave lengths of selected lines in 
emission spectrum of helium 


Taken from International Critical Tables. 


Unit of X= 1A, 10-8 cm, The numbers in colum 
G indicate the relative intensities of the lines 
in the Geissler-tube spectrum; 1 denotes the weak- 
est line and 10 the strongest, but very strong 
lines are marked 15, 20, 25, or 30. I indicates 
that the line is ein tted by the neutral atom; IT 
the simple ionized atom, eS 


_ A JG | A [Gc i G 
I-40 540 LL 3e 3 | 1 2 945.10]- 6 
I. 20 581 2 I 2 829.06) -4 
I. 10 830 3 | I 2 763.80|: 2. 
I. 829 5 I 35.eby 7. 
IL 7 281.35 "hi T 2 511.02) -5 | 
I 7 065.19 "10 || I 2 385.39| 5-- 
I 6 678.15 hi I: 06,12} 2. 
I 5 875.62 3 | 1-e 252.82}. 2. 

IT 4 921.93 2 |\Ir‘1 6ho?- | °5.... 
I. 713.L 8 ||II-1 225? a 
T 4 471.48 | 8} I 585? 10 
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